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(57) ABSTRACT 

An electric input key has an actuating surface and a plurality 
of displacement sensors which are each designed to generate 
a displacement signal when the actuating Surface is touched. 
The input key also has an evaluation unit for evaluating the 
displacement signals and outputting a determined Switching 
state. The input key has at least one analog displacement 
sensor, at least one digital displacement sensor, and a calibra 
tion device for calibrating the analog displacement sensor by 
using displacement signals measured by the digital displace 
ment sensor. The evaluation unit is designed to carry out 
self-diagnosis by using calibrated and measured displace 
ment signals. 

20 Claims, 2 Drawing Sheets 
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ELECTRIC INPUT KEY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is based on and hereby claims priority to 
International Application No. PCT/EP2012/002025 filed on 
May 11, 2012 and German Application No. 10 2011 103 
124.7 filed on May 25, 2011, the contents of which are hereby 
incorporated by reference. 

BACKGROUND 

The invention relates to an electric input key having an 
actuating Surface. 

Such input keys are used, for example in motor vehicles, to 
input Switching desires in shift-by-wire Switching actuation 
systems. The displacement sensor system of the input key can 
be redundantly designed by using a plurality of digital sen 
sors, for example microSwitches. 
DE 10 2008 01591.0 A1 discloses an electric input key, the 

actuation of which causes a plurality of Switches to Switch at 
the same time. A possible malfunction can be determined 
using a diagnostic routine. For this purpose, a test signal is 
generated, which test signal is applied to one or more 
Switches and is evaluated by a control unit. 

Electric input keys having digital displacement sensors, in 
which three digital Switches are used for example, are also 
known. A particular Switching state or a state change is 
detected by the signal from two of the three digital switches, 
with the result that the malfunction of an individual digital 
switch has no effects. However, such conventional electric 
input keys having a plurality of redundant digital displace 
ment sensors also have disadvantages. On account of 
unavoidable mechanical tolerances, the displacement sensors 
installed in an input key or a Switching input unit have differ 
ent Switching points. If the input key or another input element 
is actuated only to the extent that not all displacement sensors 
Switch, the displacement sensor which has not yet Switched is 
incorrectly diagnosed as defective. Over the service life, wear 
of the mechanical components may result in shifts of the 
Switching points of the displacement sensors, which shifts 
may result in an increase in the Switching point differences 
between the individual sensors. This may result in an increase 
in the above-described false diagnoses of individual displace 
ment SenSOrS. 

SUMMARY 

Therefore, one possible object is specifying an electric 
input key which can be diagnosed using a redundant displace 
ment sensor System and is largely insensitive to mechanical 
tolerances and shifts of Switching points. 

The inventors propose an electric input key having an actu 
ating Surface and a plurality of displacement sensors, which 
are each designed to generate a displacement signal when the 
actuating Surface is touched, as well as an evaluation unit for 
evaluating the displacement signals and for outputting a 
determined Switching state. Specifically, the proposed key 
comprises at least one analog displacement sensor and at least 
one digital displacement sensor as well as a calibration device 
for calibrating the analog displacement sensor using recorded 
displacement signals from the digital displacement sensor, 
the evaluation unit being designed to carry out a self-diagno 
sis using calibrated and recorded displacement signals. Alter 
natively, the analog displacement sensor may also be cali 
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2 
brated using recorded displacement signals from a further 
analog displacement sensor. Such an input key has at least two 
analog displacement sensors. 
The proposed key is based on the knowledge that a particu 

larly reliable redundant electric input key can be obtained if 
the input key comprises at least one analog displacement 
sensor and at least one further displacement sensor. A cali 
bration device is used to calibrate the analog displacement 
sensor on the basis of recorded displacement signals from the 
further displacement sensor which may be a digital displace 
ment sensor or a further analog displacement sensor. The 
evaluation unit is designed to carry out a self-diagnosis during 
which calibrated displacement signals and current, recorded 
displacement signals are compared with one another in order 
to detect a particular Switching state. Deviations and possibly 
malfunctions may be determined by comparing the calibrated 
displacement signals with the recorded displacement signals. 

Within the scope of the proposal, provision may be made 
for a digital displacement sensor of the electric input key to be 
in the form of a microswitch or a digital Hall sensor or a 
digital magnetoresistive sensor. Digital displacement sensors 
in the form of microswitches have the advantage that they are 
cost-effective and can generate an acoustically perceptible 
signal during Switching. 

In the proposed electric input key, the at least one analog 
displacement sensor may be in the form of an inductive sensor 
or a capacitive sensor or an analog Hall sensor or an analog 
magnetoresistive sensor. Analog displacement sensors have 
the advantage that they provide an analog displacement signal 
for each point along their actuating travel. The electric input 
key comprises at least one analog displacement sensor, which 
is calibrated, and at least one further displacement sensor 
which may be in the form of a digital or analog displacement 
SSO. 

The displacement signal may preferably be a Voltage, but 
the displacement signal may alternatively also be a current, a 
capacitance or a magnetic field strength. 
One development provides for the calibration device of the 

electric input key to be designed to calibrate the analog dis 
placement sensor when the actuating Surface is touched for 
the first time and/or after a stipulated number of switching 
operations. The analog displacement sensor is preferably 
calibrated or self-calibrated when the input key is actuated for 
the first time. For this purpose, the first manual actuating 
operations or a particular number of actuating operations may 
be recorded and evaluated. A calibration is carried out using 
these recorded measured values of the analog displacement 
sensor, with the result that displacement signals from the 
digital displacement sensor can be monitored and used as a 
basis for calibration. 

It is also within the scope of the proposals that, in order to 
calibrate the analog displacement sensor, limit values are 
stipulated for the displacement signals, in particular the Volt 
ages, during Switch-on and Switch-off, the evaluation unit 
being able to output a fault signal if said limit values are 
exceeded or undershot. These limit values have the function 
of a "calibration limit, with the result that calibration values 
can be stipulated only in a stipulated range of values of the 
analog displacement sensor. If the evaluation unit outputs a 
fault signal, the latter can be transmitted to an evaluation unit 
or to another device via a data output and/or a diagnostic 
output. 

According to one development, the calibration device of 
the electric input key may be designed to calibrate the analog 
displacement sensor using a statistical evaluation of Switch 
ing operations. Such a statistical evaluation can be carried out 
during operation, in which case differences between the 
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Switching points of the analog displacement sensor and of the 
further analog displacement sensor or of a digital displace 
ment sensor can be detected. If a drift in the Switching points 
has been detected, the calibration values of the analog dis 
placement sensor can be accordingly adapted. 

Within the scope, provision may also be made for the 
calibration of the analog displacement sensor to comprise the 
stipulation of ranges of values for the displacement signals, in 
particular the Voltages, during Switch-on and Switch-offusing 
calibrated displacement signals from the digital displacement 
sensor. During calibration, Voltages, for example, are first of 
all recorded as displacement signals from the digital displace 
ment sensor and ranges of values for the displacement signals 
or Voltages of the analog displacement sensor during Switch 
on and switch-off are stipulated on this basis. If the voltage of 
the analog displacement sensor is outside the ranges of values 
in the electric input key, the evaluation unit can output a fault 
signal. 
The inventors also propose a motor vehicle. The motor 

vehicle is distinguished by the fact that it has at least one 
electric input key of the described type. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the present 
invention will become more apparent and more readily appre 
ciated from the following description of the preferred 
embodiments, taken in conjunction with the accompanying 
drawings of which: 

FIG. 1 shows a sectional view of an electric input key 
according to one potential embodiment of the proposals; and 

FIG. 2 shows a graph in which Voltages as displacement 
signals for an analog displacement sensor and for a digital 
displacement sensor are plotted. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which are 
illustrated in the accompanying drawings, wherein like ref 
erence numerals refer to like elements throughout. 
The electric input key 1 schematically illustrated in a sec 

tional view in FIG. 1 comprises an actuating Surface 2 which 
is mounted in a resilient manner in a base body 3. When the 
actuating Surface 2 is pressed down, a spiral spring 4 is com 
pressed and the actuating Surface 2 automatically returns to its 
starting position after the spiral spring 4 is released. 
The input key 1 also comprises an analog displacement 

sensor 5 and a digital displacement sensor 6. Other exemplary 
embodiments are also possible in which two analog displace 
ment sensors or more than two displacement sensors are used. 
In principle, the input key comprises at least one analog 
displacement sensor and at least one further displacement 
sensor (analog or digital). 

In the exemplary embodiment illustrated, the analog dis 
placement sensor 5 is an inductive sensor which interacts with 
a magnet 7. When the actuating surface 2 is shifted, the 
magnet 7 approaches the analog displacement sensor 5, as a 
result of which a Voltage is generated as a displacement 
signal. This Voltage is Supplied to an evaluation unit 8. In the 
same manner, the digital displacement sensor 6 generates a 
Voltage as a displacement signal when the actuating Surface 2 
is shifted, which voltage is likewise supplied to the evaluation 
unit 8. The evaluation unit 8 is connected, via a line, to a 
calibration device 11 which is used for calibration. 
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4 
The evaluation unit 8 is connected, via an output signal line 

12, to a device 13 which can undertake different tasks. These 
include the storage of fault data, the forwarding of the evalu 
ated displacement signals to other devices or reprogramming 
of the evaluation unit 8; a diagnostic and programming signal 
line 14 is additionally provided for this purpose and connects 
the evaluation unit 8 to the device 13. However, the line 14 
may also be integrated in the output signal line 12. 
The analog displacement sensor 5 and the digital displace 

ment sensor 6 of the electric input key 1 are arranged between 
the underside of the actuating Surface 2 and a Supporting 
surface of the base body 3 in such a manner that their mea 
Suring path changes Substantially in synchronism with the 
actuation of the actuating Surface 2. The evaluation unit 8 
diagnoses the two Voltage signals generated by the displace 
ment sensors 5, 6 and outputs the determined Switching State 
of the input key 1 via the output signal line 12. When the 
electric input key 1 is actuated for the first time, the analog 
displacement sensor 5 is first of all calibrated. During the first 
actuation, those measured values of the analog displacement 
sensor 5 which correspond to the switching points of the 
digital displacement sensor 6 are determined. 

In the graph in FIG. 2, the line 15 denotes the calibrated 
Switching-on point of the digital displacement sensor 6. The 
line 16 denotes the calibrated switching-off point of the digi 
tal displacement sensor 6. The Switching-on point and the 
Switching-off point of the digital displacement sensor 6 cor 
respond to particular voltages. The analog displacement sen 
Sor 5 is calibrated according to the Switching-on point and the 
Switching-off point of the digital displacement sensor 6. A 
reliable range of measured values 17 is formed around the 
switching-on point for the analog displacement sensor 5. This 
range of values which is limited by a lower Voltage and an 
upper Voltage corresponds to a tolerance range for reliable 
Switching operations in which the input key 1 is Switched on. 
In a similar manner, a reliable range of measured values 18 is 
defined around the calibrated switching-off point, which 
range of values defines reliable voltage values when switch 
ing off the electric input key 1. No Switching operation can 
take place in the Voltage range between the ranges of values 
17, 18. 

If the Voltage of the analog displacement sensor 5 exceeds 
an upper limit 19, this is interpreted as a fault of the analog 
sensor. The same analogously applies if a lower limit 20 is 
undershot. 

After the calibration carried out at the start, the evaluation 
unit 8 compares the Voltage signals from the analog displace 
ment sensor and from the digital displacement sensor during 
further operation. If the measured values of the two sensor 
systems do not match or if there are excessive differences 
between the measured values of the two sensor systems or in 
the case of implausible measured values of the analog dis 
placement sensor, fault messages are output. 
The electric input key 1 shown in FIG. 1 is designed in such 

a manner that a self-calibration is also carried out during 
operation. For this purpose, the difference between the 
Switching points of the analog displacement sensor 5 and of 
the digital displacement sensor 6 is statistically evaluated. If 
a drift in the switching points results over the service life, a 
new calibration is carried out in order to match the Switching 
points of the digital displacement sensor 6 to those of the 
analog displacement sensor 5. 
The signal values provided by the two sensors are moni 

tored and diagnosed continuously; if a fault is detected during 
diagnosis, the following data items can be output via the 
output signal line 12 or the diagnostic and programming line 
14: the current calibration values, that is to say the Voltages 
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corresponding to the Switching-on and Switching-off points, 
the Switching points of the digital sensor system which are 
determined using the analog sensor System and the deter 
mined deviation of the Switching points of the digital sensor 
system from the calibration values of the analog sensor sys 
tem. 

The electric input key comprises a diagnostic and/or cali 
bration mode in which all current measured values and cali 
bration values are output and in which a targeted recalibration 
can be carried out. 
The important system components of the input key, namely 

the actuating Surface, the analog displacement sensor and the 
digital displacement sensor, as well as the evaluation unit and 
the calibration unit need not necessarily be designed sepa 
rately; a plurality of system components may be combined to 
form subassemblies. 
The proposal is not restricted to the exemplary embodi 

ment illustrated; embodiments in which two analog displace 
ment sensors are provided are also possible, in particular. An 
analog displacement sensor is used to stipulate the Switching 
points and these Switching points are used to calibrate the 
other analog displacement sensor. 
The invention has been described in detail with particular 

reference to preferred embodiments thereof and examples, 
but it will be understood that variations and modifications can 
be effected within the spirit and scope of the invention cov 
ered by the claims which may include the phrase “at least one 
of A, B and C as an alternative expression that means one or 
more of A, B and C may be used, contrary to the holding in 
Superguide v. DIRECTV, 69 USPQ2d 1865 (Fed. Cir. 2004). 

The invention claimed is: 
1. An electric input key comprising: 
an actuating Surface; 
an analog displacement sensor to generate at least one first 

displacement signal when the actuating Surface is actu 
ated; 

a digital displacement sensor to generate at least one sec 
ond displacement signal when the actuating Surface is 
actuated; 

a calibration device to calibrate the analog displacement 
sensor using second displacement signals that have been 
recorded; and 

an evaluation unit to evaluate the at least one first and 
second displacement signals, to output a determined 
Switching State, and to carry out a self-diagnosis using 
calibrated and recorded displacement signals, 

wherein 
the at least one second displacement signal comprises a 

digital on signal corresponding to a Switching-on point 
and a digital off signal corresponding to a Switching-off 
point, and 

the calibration device calibrates the analog displacement 
sensor according to a first tolerance range of values 
around the Switching-on point and a second tolerance 
range of values around the Switching-off point. 

2. The electric input key as claimed in claim 1, wherein the 
digital displacement sensor is selected from the group con 
sisting of a microSwitch, a digital Hall sensor and a digital 
magnetoresistive sensor. 

3. The electric input key as claimed in claim 1, wherein the 
analog displacement sensor is selected from the group con 
sisting of an inductive sensor, a capacitive sensor, an analog 
Hall sensor and an analog magnetoresistive sensor. 

4. The electric input key as claimed in claim 1, wherein the 
calibration device calibrates the analog displacement sensor 
when the actuating Surface is actuated for a first time. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
5. The electric input key as claimed in claim 1, wherein the 

calibration device calibrates the analog displacement sensor 
after the electric input key has been switched on and off a 
predetermined number of times. 

6. The electric input key as claimed in claim 1, wherein 
the analog displacement sensor produces the at least one 

first displacement signal during Switch-on and Switch 
off, respectively, 

in order to calibrate the analog displacement sensor, upper 
and lower limit values are stipulated for the at least one 
first displacement signal, and 

the evaluation unit outputs a fault signal if the upper limit 
value is exceeded or the lower limit is undershot. 

7. The electric input key as claimed in claim 1, wherein 
in order to calibrate the analog displacement sensor, upper 

and lower limit values are stipulated for the at least one 
first displacement signal, and 

as part of the self-diagnosis, the evaluation unit outputs a 
fault signal if the upper limit value is exceeded or the 
lower limit is undershot. 

8. The electric input key as claimed in claim 1, wherein the 
calibration device calibrates the analog displacement sensor 
using a statistical evaluation of a difference between Switch 
ing points of the analog displacement sensor and the digital 
displacement sensor over time. 

9. The electric input key as claimed in claim 1, wherein 
the at least one first displacement signal comprises an 

analog on signal and an analog off signal. 
10. The electric input key as claimed in claim 9, wherein 
the calibration device calibrates the analog displacement 

sensor by matching the analog on and analog off signals 
to fall within the first tolerance range of values around 
the Switching-on point and the second tolerance range of 
values around the Switching-off point. 

11. The electric input key as claimed in claim 9, wherein 
the evaluation unit outputs a fault signal when the analog on 
or analog off signal is outside the respective stipulated range 
of values. 

12. The electric input key as claimed in claim 1, wherein 
the evaluation unit outputs a fault signal as part of the 

self-diagnosis, and 
the fault signal triggers the calibration unit to calibrate the 

at least one displacement signal. 
13. The electric input key as claimed in claim 1, wherein 
the at least one first and second displacement signals are 

Voltages, and 
calibration comprises assigning an acceptable Voltage 

range to the at least one first displacement signal, based 
on the Voltage of the second displacement sensor. 

14. The electric input key as claimed in claim 1, wherein 
the at least one first and second displacement signals are 
selected from the group consisting of Voltage signals, current 
signals, capacitance signals and magnetic field strength sig 
nals. 

15. The electric input key according to claim 1, wherein the 
electric input key comprises the analog displacement sensor, 
the digital displacement sensor and at least one other dis 
placement sensor. 

16. The electric input key according to claim 1, wherein 
the actuating Surface is spring biased toward a casing of the 

electric input key, and 
the analog and digital displacement sensors are provided 

Substantially in parallel under the actuating Surface Such 
that the at least one first and second displacement signals 
are generated Substantially at the same time. 
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17. The electric input key according to claim 1, wherein the 
evaluation unit outputs a Switch signal when the at least one 
first and second displacement signals are generated Substan 
tially at the same time. 

18. A motor vehicle, comprising: 
an electric input key comprising: 

an actuating Surface; 
an analog displacement sensor to generate at least one 

first displacement signal when the actuating Surface is 
actuated; 

a digital displacement sensor to generate at least one 
second displacement signal when the actuating Sur 
face is actuated; 

a calibration device to calibrate the analog displacement 
sensor using second displacement signals that have 
been recorded; and 

an evaluation unit to evaluate the at least one first and 
second displacement signals, to output a determined 
Switching state, and to carry out a self-diagnosis using 
calibrated and recorded displacement signals, 

wherein 
the at least one second displacement signal comprises a 

digital on signal corresponding to a Switching-on point 
and a digital off signal corresponding to a Switching-off 
point, and 

8 
the calibration device calibrates the analog displacement 

sensor according to a first tolerance range of values 
around the Switching-on point and a second tolerance 
range of values around the Switching-off point. 

19. The electric input key according to claim 1, wherein the 
actuating Surface is actuated when the actuating Surface is 
touched, causing the actuating Surface to move. 

20. The electric input key according to claim 1, wherein 
the evaluation unit determines a first Switching operation in 

which the electric input key is switched on when the at 
least one first and second displacement signals corre 
spond to the first tolerance range of values, 

the evaluation unit determines a second Switching opera 
tion in which the electric input key is switched off when 
the at least one first and second displacement signals 
correspond to the second tolerance range of values, and 

the evaluation unit determines no Switching operation has 
occurred when the at least one first and second displace 
ment signals correspond to a range of values between the 
first tolerance range of values and the second tolerance 
range of values. 
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